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AB Female macaques produced isoantibodies to a limited number of sperm 

surface proteins following immunization with sperm components released by 
phosphatidylinositol-specif ic phospholipase C (PI-PLC) . Washed, 
acrosome-intact , fixed sperm injected into rabbits elicited a major immune 
response to one of the same PI - PLC- released proteins, which was shown to 
be a sperm surface-coating protein. After purification and digestion of 
the glycoprotein, four peptides were analyzed for amino acid sequence, and 
all had 100% homology with an epididymal secretory protein, ESP13.2, 
reported previously to be a small, cationic-rich peptide and a member of 
the beta-def ensin family. Antibodies to purified ESP13.2 recognized a 
number of protein bands on Western blots of nonreduced PI -PLC-released 
sperm components and nonreduced whole-sperm extracts. After chemical 
disulfide reduction, only a single, broad band from 31 to 35 kDa was 
recognized by anti-ESP13.2 antibodies. Indirect immunofluorescence showed 
ESP13.2 over the entire surface of ejaculated macaque sperm. Fluorescence 
was only slightly reduced after sperm were washed through 80% Percoll. A 
24-h incubation in capacitating medium significantly reduced the amount of 
ESP13.2 over the head and midpiece, whereas exposure of the incubated 
sperm to dbcAMP and caffeine (capacitation activators) resulted in almost 
complete loss of ESP13.2 from the sperm surface. After activation, 
ESP13.2 was the primary component released into the medium as judged 
electrophoretically . Lignosulf onic acid, a potent inhibitor of 
macaque fertilization in vitro, completely blocked release of ESP13.2 from 
the sperm surface, even following treatment with activators. These 
findings suggest that the beta-def ensin, ESP13.2, has a function in the 
capacitation of macaque spermatozoa and may modulate sperm 
surface-receptor presentation at the time of fertilization. 
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AB Changes in binding affinity, acrosomal status, and motility of living 
sperm on the zona pellucida were for the first time in any mammalian 
species directly observed and analyzed with video microscopy. A single 
zona was air-dried and rehydrated on a microscope slide, and a coverslip 
supported by glass beads was added. Capacitated sperm were added together 
with Alexa-SBTI, a probe for acrosin that can detect the acrosome 
reaction. The heads of loosely attached sperm oscillated on the zona and 
the flagella beat symmetrically with a sigmoid-shaped waveform. Tight 
binding was observed after 16 sec as the sperm head became fixed in place 
on the zona. The shape of the flagellar beat simultaneously shifted to a 
more rigid, C-shaped waveform. The first signs of the acrosome reaction 
were detected within 11 sec of tight binding. Rapid flushing removed 
approximately 65% of sperm that were loosely attached but only 2% of those 
that were tightly bound. In the 2 min following the onset of tight 
binding, the lateral displacement of the flagellum increased by 
approximately 30% and the beat frequency decreased by 25%. 
Lignosulf onic acid (LSA) inhibited loose sperm 
attachment and the development of tight binding. LSA had no 
effect on the time of the acrosome reaction following tight binding or on 
changes in motility that followed tight binding. These data suggest that 
LSA affects the initial attachment or docking of sperm to the 
zona, a step that may align or recruit one or more specific zona receptors 
to be responsible for mediating the acrosome reaction. 
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Lignosulfonic acid (LSA) inhibited loose sperm 
attachment and the development of tight binding. LSA had no 
effect on the time of the acrosome reaction following tight binding or on 
changes in motility that followed tight binding. These data suggest that 
LSA affects the initial attachment or docking of sperm to the 
zona, a step that may align or recruit one or. 
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AB Lignin-derived macromolecules (LDMs) are biologically active 

compounds that affect a variety of cell-to-cell interactions including the 
inhibition of fertilization and embryo development in a number of 
nonmammalian species. The effect of ligno-sulf onic acid (LSA) , 
a highly sulfonated LDM, on cynomolgus macaque sperm-oocyte interaction 
was evaluated with a zona pellucida binding assay and by in vitro 
fertilization (IVF) . Sperm were treated with LSA (1.5 mg/mL) 
either before washing or after capacitation. Capacitation included 
centrifugation through 80% Percoll followed by 2 consecutive washes with 
medium, overnight incubation, and activation with dibutyryl cyclic 
adenosine monophosphate and caffeine. The zona binding assay was 
performed using immature oocytes that had adhered to the center of glass 
"binding chambers." The number of capacitated sperm that attached to the 
zona over a 3 -minute period was recorded. Sperm attachment was 
significantly inhibited by LSA as compared to controls whether 
treatment occurred after capacitation (92.5%; P <.001) or before washing 
(82.5%; P <.001). When sperm were treated similarly with fucoidin, a 
sulfated polysaccharide known to inhibit sperm-oocyte interaction, 
sperm-zona binding was significantly inhibited by postcapacitation 
treatment but not by prewash treatment. Treatment of sperm with 
LSA consistently blocked fertilization over 4 IVF cycles both 
before washing and after capacitation. Fertilization rate for controls 
was 65% +/- 17%. No LSA-treated sperm were observed on the 
surface of lightly rinsed oocytes after 4 hours of coincubation . 



Localization of biotinylated LSA showed labeling over the entire 
sperm surface with the greatest intensity observed over the head and 
midpiece. LSA treatment had no effect on the percentage of 
motile sperm or quality of sperm motility. Due to the antif ertility 
properties of this nontoxic molecule, LSA appears to have 
potential as a vaginal contraceptive. 

TI Lignosulfonic acid blocks in vitro fertilization of macaque 

oocytes when sperm are treated either before or after capacitation . 
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LSA showed labeling over the entire sperm surface with the 
greatest intensity observed over the head and midpiece. LSA 
treatment had no effect on the percentage of motile sperm or quality of 
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AB Degraded macromolecular lignin, which was isolated from the 

effluents of commercial pulp processing and known to inhibit early 
development in marine organisms, was separated and characterized using 
several polyacrylamide gel electrophoresis (PAGE) techniques. This 
lignin-derived macromolecule (LDM) , when subjected to native PAGE 
and stained with alcian blue, appeared as a single band. On sodium 
dodecyl sulfate (SDS)-PAGE, LDM appeared to consist of two subcomponents 
with apparent molecular weights of 11 and < 1 kDa. When subjected to 
isoelectrof ocusing- -PAGE of pH 3-9, LDM consisted of two major bands in 
the basic region of the gel, with less distinct banding in the more acidic 
region. Two-dimensional PAGE of LDM indicated that the higher molecular 
weight subcomponent corresponded to the more basic constituents, while the 
lower molecular weight subcomponent corresponded to acidic constituents. 
When the two subcomponents of LDM were isolated from SDS gels by 
electroelution and assessed for their effects on successful fertilization 
and early development, the higher molecular weight subcomponent possessed 
most of the inhibitory activity. This is the first report of the 
application of a variety of electrophoretic techniques to both 
structurally and biologically characterize lignin-derived 
macromolecules . 

TI Electrophoretic separation, characterization, and quantification of 

biologically active lignin-derived macromolecules. 
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and stained with alcian blue, appeared as a single band. On sodium 
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AB The major organic components of effluents from commercial pulping 
processes are lignin-derived macromolecules (LDMs) , which have 
recently been shown to inhibit fertilization and embryonic development in 
a variety of marine organisms, as well as to exhibit immunostimulating 
activity in mammalian cells. We conducted studies on the effects of an 
isolated LDM from bleached kraft mill effluent (BKME) , and its 
sub - component s , at the cellular level utilizing the purple sea urchin 
(Strongylocentrotus purpuratus) sperm acrosome reaction (AR) as an 
experimental system. The AR is an event that is induced by the egg's 
jelly coat and is prerequisite for successful fertilization. Sperm were 
preincubated with increasing concentrations of isolated LDM or 
electrophoretically purified LDM sub -components, followed by addition of 
isolated egg jelly to induce the AR in vitro. These LDM preparations 
significantly inhibited the AR as assessed by fluorescence (utilizing the 
rhodamine-conjugated phallicidin) and transmission electron microscopy. 
Preincubation of sperm with LDM did not have any effect on sperm motility. 
The level of AR inhibition was comparable to that observed in experiments 
assessing successful fertilization. The ability of LDM to inhibit jelly 
induced AR was overcome by the calcium ionophores A23187 and ionomycin. 
In addition, LDM was shown to inhibit the normal increase in intracellular 
calcium (Ca++) associated with induction of the AR. When eggs were 
preincubated with LDM prior to addition of unexposed sperm, no effect on 
fertilization was observed, indicating that LDM specifically affects sperm 
function during fertilization. Fine structural studies, utilizing 
biotinylated LDM, confirmed LDM 1 s specificity and revealed that its 
binding was restricted to the plasma membrane domain of the sperm head. 
The present observations on the inhibition of the AR by LDM is consistent 
with our hypothesis that this macromolecule inhibits the AR by blocking 
egg jelly interaction with the sperm surface, thus inhibiting ionic events 
such as increases in intracellular calcium. Our present approach also 
demonstrates that echinoderm sperm functions can be used as a model system 
for the investigation of the mode of action of toxicants at the 
sub-cellular level. 
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